A novel composite (Ag-CNT/TiO2) of silver treated carbon nanotubes (Ag-CNT) and TiO2 was synthesized via wet chemistry followed by a heat treatment. The dispersion and structure of the silver in the synthesized composites determined by X-ray diffraction (XRD), energy dispersive X-ray (EDX) spectroscopy, scanning electron microscopy (SEM), and transmission electron microscopy(TEM). XRD patterns of the composites showed that the composites contained a mixing anatase and rutile phase. The EDX spectra showed the presence of C, O, Ti and Ag peaks. The TiO2 particles were distributed uniformly in the CNT network, and silver particles were virtually fixed on the surface of the tube. The photocatalysis degraded behaviors of the Ag-CNT/TiO2 composites of the methylene blue, which increased with an increase of the silver component. The Ag-CNT/TiO2 composites have excellent antibacterial activities against Escherichia coli (E. Coli), Pseudomonas aeruginosa (P. Aeru) and Bacillus subtilis (B. Sub) under visible light.
Introduction
Due to the widespread use of antibiotics, the resistance of bacteria to bactericides and antibiotics bacterial has increased gradually in recent years. Spores have no metabolism and can withstand a wide range of environmental assaults including heat, UV and solvents. [1] [2] [3] Moreover, some antimicrobial agents are extremely irritant and toxic, and there is much interest in finding ways to formulate new types of safe and cost-effective biocidal materials.
In general, the most effective way for inactivation to be achieved is to use highly efficient photocatalysts with UV illumination. Titania (TiO2) is an important semiconducting material that is applied in photcatalytic and photosensitive active materials because of its excellent physical and chemical properties. The wide band-gap semiconductors often act as sensitizers for lightinduced redox processes due to their electronic structure, which is characterized by a filled valence band and an empty conduction band. 4 Hydroxyl radicals (OH•) generated by the TiO2 photocatalyst are very potent oxidants and are nonselective in reactivity. 5, 6 When irradiated, TiO2 particles are in direct contact with or close to microbes, hence the microbial surface becomes the primary target of the initial oxidative attack.
Recently, porous carbon materials have been widely used in waste water treatment to remove various pollutants, as a result of their large surface area and high adsorption capacity. Carbon based TiO2 composites have attracted much attention and have become a very active field of research due to their unique properties and promising applications in pollution management. [7] [8] [9] [10] [11] [12] In particular, Fullerenes and carbon nanotubes (CNT) have attracted considerable attention of late, as a result of their remarkable photoelectrical and mechanical properties, in addition to their other composites that possess intrinsic properties as materials exhibiting cooperative and/or synergetic effects. [13] [14] [15] Current synthesis and characterization of these nanomaterials can yield much more advanced colloidal photocatalytic nanoparticulate systems, which will allow enhanced photocatalytic activities. When TiO2 is coated on the CNT, the combination of large specific surface area will increase, binding to bacteria and viruses. Where the electron-hole recombination is retarded by electron trapping at the TiO2-CNT interfaces, the specific electronic properties of the composites (TiO2/CNT), will yield a superior photocatalyst. [16] [17] [18] [19] [20] The proximity of the chemical reactants due to adsorption plus the increased number of hydroxyl radicals, which are the main cause for sterilization, can now be maximized.
Silver is traditionally made up of well-known antimicrobial materials. Silver ions have been found to have antibacterial effects on some microbes. Several studies have demonstrated that silver ions are selectively toxic, affecting only prokaryotic microorganisms, and having little effect on eukaryotic cells. 21 In the past decade, for the sake of safety, an inorganic antibacterial method, such as doping silver or copper to the alloy, has replaced the organic methods. Metallic ions from the alloy can penetrate the wall and membrane of bacterial cells and inhibit their breeding. In order to enhance antibacterial property, some silver implanted carbon composites were used, and these have been reported in the references. [22] [23] [24] [25] [26] [27] When these metals are prepared in the form of very small particles, they are expected to show better antimicrobial characteristics because of their larger specific surface area.
In this study, the Ag-CNT/TiO2 composites were put forward in a bactericidal application under visible light. Structural variations, surface state, and elemental compositions were investigated by preparation of the Ag-CNT/TiO2 composites. XRD, EDX, SEM and TEM techiques were employed for characterization of these new photocatalysts. The catalytic efficiency of the Ag-CNT/TiO2 composites was evaluated by the photocatalytic de- Preparation of Ag-CNT composites. For preparing the oxidizing agent, 2.0 g MCPBA was melted in 60 mL Benzene. Then 0.6 g CNT was put into the oxidizing agent, refluxed for 6 h, filtered and dried. The oxidized CNT was put into the different concentrations of silver nitrate solutions, and then the solutions were homogenized under reflux at 343 K for 2 h using a magnetic stirrer in a vial. After being heat treated at 373 K for 1 h, the Ag treated CNT composites were obtained.
Preparation of Ag-CNT/TiO2 composites. The Ag treated CNT composites were put into the mixing solution of TNB and Benzene with a volume ratio of 4:16. Then the solutions were homogenized under reflux at 343 K for 5 h, while being stirred in a vial again. Having been stirred, the solutions transformed into Ag-CNT/TiO 2 gels, and these gels were heat treated at 973 K for 1 h with a heating rate of 279 K/min. After cooling, the Ag-CNT/TiO2 composites were resulted. The preparation condition and sample codes are listed in Table 1 .
Characterization of the Ag-CNT/TiO2 composites. XRD technique was used for crystal phase identification and estimation of the anastase-to-rutile ratio. XRD patterns were obtained at room temperature with a diffractometer Shimata XD-D1 (Japan) using Cu Kα radiation. SEM was used to observe the surface state and porous structure of the Ag-CNT/TiO2 composites using a scanning electron microscope (JOEL, JSM-5200, Japan). EDX spectroscopy was used to measure the elemental analysis of the Ag-CNT/TiO2 composites. TEM (JEOL, JEM-2010, Japan) at an acceleration voltage of 200kV was used to investigate the size and distribution of the silver and titanium deposits on the CNT surface of various samples. TEM specimens were prepared by placing a few drops of the sample solution on a carbon grid.
Analysis of photocatalytic effect. In order to analyze the photocatalytic effect, the decomposition reaction of MB in water was followed. Prior to illumination, powdered samples of 0.05 g were dispersed in the MB solution under ultra sonicate and impregnated in the pristine MB solution in the dark for 30 min needed to achieve adsorption/desorption equilibrium. For irradiation, a UV lamp (20 W, 365 nm) or visible light (8W, KLD-08L/P/N, FAWOO TECHNOLOGY), were used at a distance of 100 mm from the solution in the dark box. The suspension was irradiated with UV light or visible light as a function of irradiation time. Samples were then withdrawn regularly from the reactor and powders were dispersed through centrifuge. The clean transparent solution was analyzed by UV-vis spectroscopy. The concentration of MB in the solution was determined as a function of irradiation time.
Bactericidal test. For the bactericidal effects, three kinds of bactericidal materials were used: the standard ampicillin (Amp.) and teracyclin (Tc) as antibiotics and the Ag-CNT/TiO2 composites as bactericides. Employing the halo test proposed by the Berman method, 28 the bactericidal activities against E. Coli, P. Aeru and B. Sub were examined in a cultivated culture medium.
Results and Discussion
Structure and morphology of CNT/ TiO2 composites. The XRD results for the catalyst samples are shown in Fig. 1 . Diffraction peaks corresponding to the anatase and rutile phases have been marked with 'A' and 'R', respectively. Diffraction peaks corresponding to sliver-3C phases have been marked with 'S'.
The structures of the Ag-CNT/TiO2 composites showed a mix of anatase and rutile crystals. It is well known that the crystal structure of the titanium dioxide is mainly determined by the heat treated temperature. The peaks at 25.3, 37.8, 48.0 and 62.5 o are the diffractions of (101) o belong to the diffraction peaks of (110), (101), (111) and (211) of rutile. Therefore, it can be concluded that the developed CNT/ TiO2 composites had a mixing structure of anatase and rutile crystals when annealed at 973K. According to the published paper, if the anatase phase is formed below 773 K, it starts to transformed into a rutile-type structure above 873 K, and then changes into a single phase of rutile at 973 K ~ 1173 K. 29 We have previously demonstrated that the crystallization phenomena in C/TiO2 composites that are heat treated at 973K results in a mixed anatase-rutile structure. 11, 30 Thus The XRD result obtained here is reasonable.
In addition, the peaks denoting the silver component have been observed in the Ag-CNT/TiO2 samples. The peaks at 38. 18 21, 31 Intense peaks from Ag metal appeared in the Ag-CNT/TiO 2 and became stronger with increasing concentration of the AgNO3 solution. Sharp diffraction peaks indicated the formation of pure silver of high crystalline.
The micro-surface structures and morphology of the Ag-CNT/TiO2 composites were characterized by SEM (Fig. 2) and TEM (Fig. 3) . Fig. 2 shows the macroscopical changes in the morphology of the Ag-CNT/TiO2 composites. As shown in Fig. 2 , the TiO2 particles were well attached to the surface of the CNT network, and the distribution was uniform. According to Wang's reports, 9 a good dispersion of small particles could provide more reactive sites for the reactants than aggregated particles. At the same time, the conductive of the CNT network can facilitate the electron transfer between the adsorbed dyes molecules and the catalyst substrate. 32 It was beneficial for the enhancement of the photocatalytic activity of these composites. Moreover, silver particles were fixed on the surface of the CNT network in small clusters, and the distribution was not uniform. Moreover, the amount of agglomerated silver particles results in the increase of the Ag content. These particles were heavily agglomerated to form lager clusters ( Fig. 2(d) ), and these results can be seen clearly in Fig. 2(a) to Fig. 2(d) . These results are also confirmed by TEM inspection of the Ag-CNT/TiO2 composites. As shown in Fig. 3(a) , the TiO 2 particles distributed uniformly inside and on the surface of the CNT for the CNT/TiO2 composites. However, the inside of the CNT is almost empty of the Ag-CNT/TiO2 composites. In most cases, Ag particles were formed inside the tubes due to the capillary effect, 33, 34 leading to poor synergic effect of the Ag-CNT composites. As shown in Fig. 3(b) , for the Ag-CNT/TiO 2 composites, silver particles were roughly almost fixed on the surface of the tube, although this caused partial agglomeration. The TiO2 particles were still distributed uniformly in the CNT network. Fig. 4 shows the EDX spectra of Ag-CNT/TiO2 composites prepared. From the EDX data, the main elements such as C, O, Ti and Ag existed, and other impure elements also existed. The results of the EDX elemental microanalysis of the CNT/TiO2 composites are listed in Table 2 . The contents of the silver component for ACT1, ACT2, ACT3 and ACT4 are 2.47, 5.40, 6.67 and 11.65%, respectively. It can be expected that the contents of the silver component in the composites increased with an increase of AgNO 3 concentration. It was proposed that the increase of the Ag content increased the amount of the agglomerated silver particles. The same phenomena can be observed in the micro-surface structures and morphology of Ag-CNT/TiO2 composites (Fig. 2) .
Photocatalytic decomposition of MB. From the results of UVvis spectra for the MB solution after photolysis, we attempted to compare of the relative yields of the photoproducts formed at various functions of irradiation time. The UV-vis spectra of MB concentration against the Ag-CNT/TiO2 composite derivatives under various time conditions are shown in Fig. 5 . Here we discussed three kinds of degradation process: 1). Dark adsorption; 2). UV light irradiation; 3).Visible light irradiation. The difference of dark adsorption in 30 min for all samples is not clear. As shown in Fig. 5(a) , we can observe that the photo catalytic (PC) degradation efficiency of the sample ACT3 is higher than that of the samples ACT1, ACT2 and ACT4 in the same irradiation time. According to the former studies, 16, 17 the Ti content of ACT3 is highest among the four samples; we can consider that the ACT3 will have better PC degradation of MB solution than that of the other samples. As a result of the EDX, among the four kinds of Ag-CNT/TiO 2 composites, the ACT3 has the lowest content of carbon and the highest content of Ti. It is considered that a decrease of MB concentration in the aqueous solution can occur in two physical phenomena: adsorption by CNT and PC decomposition by TiO2. It was possible that the CNT/TiO2 composites catalytic decomposition of the MB solution could be attributed to the effects of combining between PC oxidation of TiO2 and electro-assistant of the CNT. In this study, we also found that the ACT4 had worse PC degradation of MB solution than that of the other samples, although it contains the highest content of silver. It is probable that the PC activity is seriously affected by the content and morphology of the silver particles in the Ag-CNT/TiO 2 composites. Comparison with the Fig. 5(a) and (b) , the PC effects of the Ag-CNT/TiO2 composites were all better under UV light than that of visible light in the irradiation time of 60 minutes. It is well known that it can be more easily excited under UV light than visible light because
(c3) of the large band gap for anatase TiO2. However, at the irradiation time of 60 min, the relative concentration value of MB solution for different Ag-CNT/TiO2 composites under visible light arrived at 52.7 -59.4%. It can be observed that the PC activity will increase with the increase of silver content in a certain range. At the same time, the morphology of silver in the Ag-CNT/TiO2 composites is an important factor. The optimization of PC oxidation of MB using Ag-CNT/TiO 2 composites will be studied in detail in another paper. Antibacterial activity. The antibacterial activities against E.Coli, P.Aeru and B.Sub were investigated. For the comparison, we choose the standard antibiotics (Amp. and Tc) and the Ag-CNT/TiO2 composites as the bactericides. The three kinds of bacterias are incubated in a culture media containing these antibiotics and bactericides. Fig. 6 ((a1), (a2) and (a3) ) shows the results on the Amp., Tc and Ag-CNT/TiO2 composites against E. Coli. In the case of the Amp, Tc and Ag-CNT/TiO2 composites, the clear zones near all of antibiotics and bactericides formed at the same conditions. In particular, the clear zone of Ag-CNT/ TiO 2 named as ACT3 is the largest one. These results obviously indicate that the Amp., Tc and Ag-CNT/TiO2 present excellent antibacterial activity against E. Coli. Moreover, out of the two antibiotics and the four bactericides, the Ag-CNT/TiO2 named as ACT3 has the strongest antibacterial activity against E. Coli for the Ag-CNT/TiO2 series. In addition, the antibacterial activities against E. Coli using the ACT3 and ACT2 in the Ag-CNT/ TiO2 composite series are better than that of the ACT1 and ACT4. It was probable that the antibacterial activity is affected by the content and morphology of silver in the Ag-CNT/TiO2 composites. It is well known that the antibacterial activity will increase with the increase of silver content. At the same time, the size and dispersion state of silver particles in the Ag-CNT/ TiO2 composites is an important factor. For the ACT4 of Ag-CNT/ TiO2, the silver particles were highly agglomerated to form lager clusters ( Fig. 2(d) ). Fig. 6 ((b1), (b2) and (b3)) shows the results on the Amp., Tc and Ag-CNT/TiO2 composites against P. Aeru. In the case of the Amp. and Tc, the zones near all of antibiotics not become clear. However, for the Ag-CNT/TiO2, the zones near all of Ag-CNT/ TiO2 bactericides become clear at the same conditions. The clear zone of Ag-CNT/TiO2 named as ACT3 is also the largest one against P. Aeru. These results obviously indicate that the Amp., Tc have no the antibacterial activity against P. Aeru, while the prepared Ag-CNT/TiO 2 possess strong antibacterial activity against P. Aeru. In all of the Ag-CNT/TiO2 bactericides, Ag-CNT/TiO2 named as ACT3 has the strongest antibacterial activity against P. Aeru. To quantify the antimicrobial results, the changes in the residual amount of strains used were shown in Fig. 7 . Antibacterial activity of the Ag-CNT/TiO2 sample was judged by counting the number of each strain. The direct germicidal action of sunlight with or without the addition of Ag-CNT/TiO2 composite is presented in Fig. 7 . The total time of bacterial abatement was shorter in the presence of Ag-CNT/TiO2 composites than without almost for different bacteria (E. Coli, P. Aeru and B. Sub). Based on the bacterial survival number, the graph of -ln (N/N0) versus time should give a straight line, where: N represents the bacterial survival number at time (t); N0, the initial number of bacteria; and t, the contact time. As shown in Fig. 7 , it can be seen from the curves that inactivations of the E. Coli, P. Aeru and B. Sub were much more effective for the Ag-CNT/TiO2 composite under sunlight or dark condition than in experimental case without Ag-CNT/TiO2 composite. The antibacterial effects with Ag-CNT/TiO2 appeared after a very short contact time between the cells and the Ag-CNT/TiO2 under sunlight. The application of a promising route for destroying bacteria can be founded upon the basic principles and studies reported in the literature. 35, 36 As confirmed by bactericidal tests, the Ag-CNT/TiO2 showed microbicidal effects and strong antibacterial activity against the strain used. Solar disinfection with Ag-CNT/TiO2 composites is a consequence of both the direct action of the light on the microorganisms and the photocatalytic action of the photo-induced electron (e -) accepted by the CNT from the sunlight. It is regarded that the electrons in the CNT transfer into the conduction bands of the TiO2 particles, resulting primarily from absorption by the deoxyribonucleic acid (DNA) of the microorganisms that yields a dimerization of the thymidine bases.
As a whole, the prepared Ag-CNT/TiO 2 bactericides have strong antibacterial activity against E. Coli, P. Aeru and B. Sub under visible light. Of the four kinds of Ag-CNT/TiO2 bactericides, the antibacterial activity of ACT3 is the best. While the standard antibiotic Amp. has no antibacterial activity against P. Aeru and B. Sub, the Tc has no antibacterial activity against P. Aeru. From this perspective, this study has triumphantly prepared new kind of bactericides.
Conclusion
In this study, we present the fabrication and characterization of Ag-CNT/TiO2 composite bactericides. XRD data revealed that the structure for the Ag-CNT/TiO2 composites showed a mixing anatase and rutile crystals. The SEM and TEM microphotographs of Ag-CNT/TiO2 composites showed that TiO2 particles were distributed uniformly in the CNT network and the silver particles were fixed on the surface of the CNT, although they were partly aggregated. From the EDX data, the main elements such as C, O, Ti and Ag existed. Of the four samples of Ag-CNT/TiO 2 composites, the MB degradation efficiencies of the sample ACT3 had the best results. The prepared Ag-CNT/ TiO2 bactericides have strong antibacterial activity against E. Coli, P.Aeru and B.Sub. Of the four kinds of Ag-CNT/TiO2 bactericides, the antibacterial activity of ACT3 is the best. While the standard antibiotic Amp. has no antibacterial activity against P.Aeru and B. Sub, the Tc has no antibacterial activity against P.Aeru.
